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1. Introduction 

The flavor sector could also be interesting, as such extensions of the SM could be testable 
therein. Amongst the latter, tests have been carried out in the most general version of a 2-Higgs 
Doublet Model (2HDM) with a Yukawa texture of four-zero, which can avoid the main flavor 
physics constraints because this texture form is the mechanism to control Flavor Changing 

Neutral Currents (FCNCs), by taking the Yukawa couplings proportional to the geometric mean of 
two fermions masses, gij oc ^yjnJmjXij O0]- Assuming this setup, which refers to the 2HDM 
type III (hereafter, 2HDM-III for short), we show that substantial enhancements of the two decay 
channels h —^ 77, yZ are possible. 


2. The Higgs-Yukawa sector of the 2HDM-III 


2HDMs have two Higgs doublets of hypercharge +1: <I>J = (^- , ^f*) (/ = 1, 2). The most 
general SU (2) x (7(l)y invariant Higgs potential is given by 

+ 1a2(<I>^<I>2)' + A3(<I>1<I>i)(<I>^<I>2)+A4(<I>I<I>2)(<I>1<I>i) (2.1) 

+ Qa5(<I>1<I>2)"+ (4(<I>I<I>i)+A7(<I>1<I>2))(<I>1<I>2)+//.c.^, 


where all parameters are assumed to be real, including the scalar field vacuum expectation val¬ 
ues = (0, V,) (/ = 1,2). Thus, neither explicit nor spontaneous CP-violation can happen. 

Besides, when we use a specific four-zero texture for the Yukawa matrices, it plays the role of a 
flavor symmetry [ jll] , |I^ . Therefore, the terms proportional to As and A? must be preserved. The 
latter parameters are relevant in one-loop processes through the self-interaction of Higgs bosons 
|§, lA]. At the same time, it was shown that radiative contributions to the EW p = jrn^cos^ dw 


parameter are large when (m//± — m^) or {mu± — m//) are sizable, wherein the parameters Agj are 
irrelevant. In fact, the strongest constraints for the most general Higgs potential of 2HDMs come 
from tree-level unitarity 114 ] and one will find that, for tan jS < 10, |A6,7| < 1, which will be used 
in this work. The interactions of the type Higgs-fermion-fermion are derived from the Yukawa 
Lagrangian 




(y.^Ql^iUr + Yi‘QL^2UR + YfQL^idR + Y^QL^2dR + yILl^iIr + YlLL^2iR^ , (2.2) 


where <i>72 = (cJ<I>j2. After spontaneous EW Symmetry Breaking (EWSB), we can obtain the 
fermion mass matrices from eq. (^^, 

My = l/V2(viF/' + V2T2^), f = u,d,i, (2.3) 

where the Yukawa matrices F/2 Ih® four-zero texture form and are Hermitian. Following this 
definition, we can compare the Higgs-fermion-fermion (0//) coupling of the 2HDM-III with some 
more standard 2HDMs, e.g. with the 2HDM-II, through the re-difinitions: 

\/2 \/l 

Yf = - tanpY^, Y^ = - cotpYf, (2.4) 

vcosp vsmp 
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2HDM-III 

X 

F 

Z 

r-U 



r>U 

c^d 


2HDM-I-like 

— cotjS 

cotj3 

— cotjS 

Ca/sp 

Ca/sp 

Ca/sp 

Sa/sp 

Sa/sp 

Sa/sp 

2HDM-II-like 

tanjS 

cotj3 

tanjS 

Ca/sp 

-Sa/cp 

-Sa/cp 

Sa/sp 

Ca/cp 

Ca/cp 

2HDM-X-like 

— cotjS 

cotjS 

tanjS 

Ca/sp 

Ca/sp 

-Sa/cp 

Sa/sp 

Sa/sp 

Ca/cp 

2HDM-Y-like 

tanjS 

cotj3 

— cotj3 

Ca/sp 

-Sa/sp 

Ca/sp 

Sa/sp 

Ca/ Cp 

Sa/sp 


Table 1: Parameters e^, X and Y defined in the Yukawa interactions for four versions of the 2HDM-III. 
Here Sa = sin a, Ca = cos a, Sj^ = sin)3, Cj 3 = cos j3 


Obtaining the coupling (pff for the 2HDM-III as: g 2 HDM-iii ~ Stbdm-ii + where 5g con¬ 

tain the contribution of Yukawa texture. Following this idea we can re-define and get the couplings 
of (pff for any version of 2HDM plus the contribution of Yukawa texture, as is presented in : 


ff<t> 

SlHDM- 


- Q'' ^ 

111 ^IHDM- 


any 




(2.5) 


When the diagonalization of the Yukawa sector is carried out, the rotated matrices ¥(2 are 


yf 


mk 

'~f 

Zl,2 


ij 

V 


( 2 . 6 ) 


J o 


where the ;^’s are dimensionless parameters of the model, which have been constrained by several 
processes of flavor physics such that: Xkk r-u 0(1) and \Xij\ <10 ', (/ / i) SlU]- Using eqs. (|^ 
and ( 2 . 6 ) one can get the generic interactions of H'^fufd and hff 


—Ui{mdXijPR + muYijPL)djH^+H.c. \ -fiinf.hijfjh), 


(2.7) 


where fi,;, and X,;, F,-; are given by 


i=\ 




/(X) 


^1 j 
mdj ^ 






{efj-Xe^ 


V2f{X) 


mdj 

md¥ 


-X, 


O’ 


/=! 


hfj = e’jldij - 



Xil \ {VcKM)lj, 


i^H-YSh) 

V2f{Y) V 


Ai 


(2.8) 


with f{x) = Vl —x^, the parameters X, Y are real and can be related to tanjS or cotj3 and with 
the mixing angles a and j3, as is shown in the Table I. This Lagrangian could also represent a 
Multi-Higgs Doublet Model (MHDM) or an Aligned 2HDM (A2HDM) with an additional flavor 
symmetry, as also suggested in ||^. 


3. Decays h — 77 , 7 Z in the 2HDM-III 

Once we have isolated the surviving parameter space for this version of 2HDM (type III) [^, ^, 
we study the Branching Ratios (BRs) of the two channels —)• 77 and 7 Z. We consider particular 
encarnations of our 2HDM-III (2HDM-I, 2HDM-II, 2HDM-X, 2HDM-Y), by suitably taking into 
account new contributions given by the flavor physics represented through the four-zero texture of 
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X 

Figure 1: BRs vs X, of all decay channels of the light CP-even Higgs boson, for the 2HDM-III like-II. The 
parameters used are: xlk = ^ = 1,2, 3), X 23 = —0.5, X 23 — —0-035, mff± = 200 GeV. 


the Yukawa matrices. As the experimental results suggest a scenario close to SM-like Higgs signal, 
we choose p — a ^ n/2 and /ri 2 ^v,mA= 200 GeV and mh = 250 GeV. Moreover, we show that 
the greatest enhancement of the BRs is when = — A 7 [||]. Finally, we analyze the so-called R 
parameters: 


Ryx — 


0'(gg —^ ^)2HDM-III X BR(/i — 7Y)2HDM-III 

<y(gg ^)SM X BR(h yX)sM 


(X = y,Z). 


(3.1) 


In the case of a fermiophobic h state, the gg^h production mode must be replaced by either vector 
boson fusion or Higgs-strahlung, for which R = BR(/j —)• 7 X) 2 HDM-iii/BR(/t —)• 7 Y)sm- 

Now we discuss the results for the h decays. Firstly, in Fig. || we show that the BR(/j —)■ 77 ) 
is very sensitive to the X parameter, which is introduced in eq. (H, for the case of the 2HDM-III 
like-II. For large values of X, the BR receives an enhancement of one order of magnitude with 
respect to the SM rate. However, this behavior is contrary to the experimental results from the 
LHC. In contrast, for medium values of X (A < 15), the BR is under control and is consistent 
with the measurements from the LHC data (gray region). Besides, over the same parameter space 
region, the possibility of a light charged Higgs boson is compatible with all such data. Secondly, in 
Fig. ^ we present the behavior of Ryy (solid line) and Ryz (dashed line) with respect to the charged 
Higgs boson mass. The shaded areas (gray region) are the fits to the results from the LHC. We 
study the following scenarios: the black line is a SM-like h state (p — a = 7 i/ 2 ) and R ~ 1 in 
the approximate decoupling limit ^; the red line represents the case where the Yukawa couplings 
receive contributions from the X parameters {xlk ~ ~ —0-5, X 23 — —0.35); finally, the green 

line shows the fermiophobic case. Here, we look at the following relevant scenarios: 2HDM- 
III like-II and -Y with x(k ~ X 23 ~ -0.5, X 23 — —0.35 and the fermiophobic scenario for the 

2HDM-III like-I, -II and -Y. For all cases we allow for a charged Higgs boson that can be very 
light, mH± >110 GeV. We find a decay rate for h ^ yZ mode which is an order of magnitude 
larger than the one obtained in the SM. Thirdly, we show in Fig. || the allowed mH±-X plane for 
two values of We present the two relevant signatures for the scenario 2HDM-III like-II. In the 

* One can see in the Fig. ^ that in the approximate decoupling limit R is around 1 and is not 1 exactly, because we 
only are running the charged Higgs mass. However when all masses and parameters of the model are decoupled, we 
obtain the decoupling limit exactly 1. 
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Figure 2: Ryy (solid line) and Ryz (dashed line) with respect to the charged Higgs boson mass, where the 
shaded areas are the fits to the results from the LHC. The other parameters are given in the legends and 
described in the text. The solid and dashes black line represent a scenario close to SM like, with R ^ 1. 

plots we contrast these to the permitted parameter space, after taking account the LHC data. One 
can see that the final state yZ is most constrained than the 77 one. In particular, both modes demand 
mH± < 160 GeV {m}j± < 230 GeV) for X = 20 and Ag = — A 7 = 0.1 (Ag = —Ay = 1). Actually, for 
X around 15, one can find that < m,, so that the charged Higgs state is copiously produced in 
top quark decays. Thus, as we have intimated previously, a light charged Higgs boson could be a 
manisfestation of the 2HDM-III |j^ 

4. Conclusions 

We have shown some benchmarks where the 2HDM-III parameters space considered is consis¬ 
tent with all current experimental constraints. We find that, assuming a four-zero Yukawa texture, 
one can have a light charged Higgs boson accessible at the LHC and that the decay channels /j —)• 77 
and 7 Z are very sensitive to the flavor structure represented by the Yukawa texture and a general 
Higgs potential. 
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Figure 3: Allowed parameter space in the m[j± -X plane for Ryy (solid line) and Ryz (dashed line), according 
to LHC data (the shaded areas enclosed by lines of the same color are the permitted regions). 
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